Abstract Water quality of Himalayan rivers has been steadily deteriorating over several decades due to anthropogenic activities, dumping of treated or untreated effluents, poor structured sewerage and drainage system, etc. In the present study, the water quality of five important rivers namely, Gola, Kosi, Ramganga, Saryu and Lohawati rivers were investigated which flow through the different districts of Kumaun region of Uttarakhand Himalaya. The water of all these rivers serves as the major source for drinking and irrigation purposes in these districts of the Kumaun region of Uttarakhand. River water samples collected in premonsoon and post-monsoon seasons of the years 2011 and 2012 were analyzed for various water quality characteristics. Statistical analyses indicate positive correlation among most of the chemical parameters. Piper diagram illustrates that all the water samples fall in Ca-Mg-HCO 3 hydrochemical facies, Moreover, the suitability of water for drinking purposes determined by water quality index indicated that river water in both the seasons is unsuitable. Irrigation water quality of all the river water was found suitable during both the seasons according to the result of sodium adsorption ratio, sodium percentage and residual sodium carbonate. The present study revealed that major factors contributing to deterioration of water quality of all the rivers might be eutrophication, tourism, anthropogenic and geogenic processes. Therefore, to restore the vitality and water quality of all these rivers, proper water resource planning programme should be developed.
Introduction
River is an important resource of surface water for domestic and irrigation purposes. Currently, the quality of river water is a matter of serious concern due to rapid increase in the population, urbanization, industrialization and deforestation. The available river water resources are getting depleted and being adversely affected both qualitatively and quantitatively (Sati and Paliwal 2008; Desai and Tank 2010; Shrivastava et al. 2013) . River water quality is highly variable, which depends not only with regards to their spatial distribution but also over time. Assessment of seasonal changes in surface water quality is an important aspect for evaluating temporal variation of river pollution due to natural or anthropogenic inputs of point and nonpoint sources (Baig et al. 2010; Bu et al. 2010; Rani et al. 2011; Shetty et al. 2013) .
Uttarakhand, a Himalayan state of India, is comprised of Garhwal and Kumaun regions. Being hill state, the geographical conditions are totally different from the other plain states of India. This state has origin of many holy rivers and springs, which play important roles in Indian culture and tradition (Semwal and Akolkar 2006) . The Kumaun division lies between 28°44 0 and 30°49 0 N latitudes and 78°45 0 and 81°05 0 E longitude and the main sources of water in Kumaun division are rivers, streams (of all sizes), springs and lakes. These serve as sources of water and more than 50 % of total populations of the region meet their daily requirement through them (Singh and Rawat 1985) . The local peoples use several traditional water management techniques to store their drinking and irrigation water (Rawat and Sah 2009) . But nowadays, water of these rivers is being polluted by different means such as domestic waste, weathering of rocks, anthropogenic activities, and sewage effluents, etc., which affect the physico-chemical and biological properties of water, which are directly related to the water quality of rivers (Alam et al. 2007a, b; Chandra et al. 2006; Sharma and Kansal 2011) . Due to high load of contamination, rivers have become unable to rejuvenate them and with continued pollution, self purification capability of rivers is diminishing and their water is becoming unfit for drinking, agricultural as well as other domestic purposes. Therefore, the water quality evaluation of rivers and their proper maintenance become necessary for the safety of human beings.
Some investigations on water quality assessment of different rivers of Uttarakhand (Sati and Paliwal 2008; Paliwal and Sati 2009; Semwal and Jangwan 2009; CPCB 2010; Bhandari and Joshi 2013) have been reported. However, literature survey also revealed that so far little work has been carried out on the water quality of Himalayan rivers of Kumaun. Thus, in continuation of our previous work (Gupta et al. 2012a, b; Sharma et al. 2012; Seth et al. 2013a Seth et al. , b, 2014 Tyagi et al. 2013) , the aim of the present study is to investigate the drinking and irrigation water quality status of five major rivers of Kumaun division of Uttarakhand namely, Gola, Ramganga, Saryu, Kosi and Lohawati Rivers belonging to five districts of Kumaun division of Nainital, Pithoragarh, Bageshwar, Almora and Champawat districts, respectively. Thus, the aim of the present study is to evaluate status of water quality of identified five rivers of Kumaun division of Uttarakhand, India.
Materials and methods

Studied rivers
Water quality of five rivers of Kumaun division of Uttarakhand, which are prominent for different drinking, domestic and irrigation activities was assessed for different drinking and irrigation water quality parameters during pre-monsoon (PRM) and post-monsoon (POM) seasons of the years 2011 and 2012. In this respect, the concise of the studied rivers is summarized below:
Gola River
Gola River originates from Lesser Himalayas majorly a spring fed river. This river is a source of water for Haldwani and Kathgodam town. A very beautiful dam exists over this river in Kathgodam. This river has been into controversies also due to illegal mining. The steady erosion of the Gola River forest corridor threatens the survival of tigers, elephants and others wild animals in this Terai region of Kumaun.
Ramganga River
Ramganga originates from the Namik Glacier located between Birthi fall and Kwiti village in Pithoragarh district of Kumaun division of Uttarakhand and flows towards east through a number of dense forest areas. This river is fed by numerous small and big rivers and finally joins Saryu River at Rameshwar near Ghat of Pithoragarh.
Saryu River
Saryu the holy river of Uttarakhand emerges from the Himalayas and merges with Yamuna in Ayodhya, the birth place of Lord Rama. This river is of ancient significance, finding mentions in the Vedas and Ramayana. On Ram Navami, the 9 day festival that celebrates the birthday of Lord Rama, dipping in the Saryu River at Ayodhya by thousands of people takes place.
Kosi River
Kosi River is a major tributary of the holy River Ganga which originates from spring source at Rudradhari (district Almora, Kumaun division, Uttarakhand) with total catchment area as 3,420 sq km. Total length of river is 240 km. It is being used for various purposes such as drinking, washing and bathing, fishing, waste dumping like solid waste, domestic waste, industrial waste, cremation waste, etc.
Lohawati River
Lohawati River originates near the majestic Vanasur Ka Kila, situated 7 km from Lohaghat and 20 km from district Champawat of Kumaun division of Uttarakhand. Lohaghat town situated on the bank of this river has a historical and mythological importance. The Lohawati River is the lifeline for the several villagers of different areas of Uttarakhand. The water of this river is not only used for drinking purpose but also for irrigation especially for seasonal vegetables and hydroelectric purposes for the state.
Sample collection procedure
The water samples were collected from all five rivers during PRM and POM seasons in the years 2011-2012 during the month of April-June and October-December, respectively. The samples were collected from different sites of all the rivers. The detail of sampling sites is shown in Fig. 1 .
Analytical methods
The physico-chemical parameters like pH, alkalinity, and turbidity were analyzed onsite. The other parameters such as hardness, total dissolved solids (TDS), nitrate, chloride, fluoride, sulphate, sodium, potassium, calcium, magnesium, iron and total coliform (TC) and faecal coliform (FC) were analyzed in laboratory after samples preservation as per Bureau of Indian Standards (BIS 1991) and American Public Health Association (APHA) (Eaton et al. 2005) guidelines.
pH and turbidity were measured using pH metre (PC-II, Hach, USA) and Nephelometer (Model: PC compact; Make: Aqualytic, Germany), respectively. The colorimetric analyses such as sulphate, fluoride, and nitrate were measured using DR 5000 Spectrophotometer (Hach, USA). The metal ions analyses were performed on Varian-AA240 Atomic Absorption Spectrophotometer (AAS). For microbial analysis, the membrane filter technique was used to determine the number of colonies/100 ml of the sampled water.
The statistical analysis was carried out using SPSS 13 to identify the correlation between selected water quality parameters. Piper diagrams were developed using AquaChem software version 2011.1 to have conclusive information about hydrogeochemical facies of all the rivers. Water quality index (WQI) of all the rivers have been calculated to find its suitability for drinking purposes by Weight Arithmetic WQI using 11 water quality parameters. Parameters such as sodium adsorption ratio (SAR), sodium percentage (Na%) and residual sodium carbonate (RSC) were determined to assess the suitability of river water for irrigation purposes.
Results and discussion
The analyzed results of water quality parameters in PRM and POM seasons of 2011 and 2012 of five rivers of Kumaun region of Uttarakhand Himalaya are presented in Table 1 . Turbidity measures the water clarity and is due to suspended solid materials such as clay, silt, colloidal organic matter, planktons, and other organisms (Dorner et al. 2007 ). The turbidity average values varied from 5.4 ± 1.08 to 14.3 ± 3.10 and from 7.4 ± 1.61 to 47.3 ± 8.12 NTU during PRM and POM seasons, respectively. All the samples were found above desirable limit of 5 NTU and permissible limit of 10 NTU. Consumption of turbid water causes gastroenteritis problem (Morris et al. 1996) . pH generally indicates the nature of water quality as acidic or alkaline. In the study, pH values of all the river water samples have pH within BIS prescribed limit of 6.5-8.5. pH average value in the analyzed water samples ranged from 7.66 ± 0.27 to 8.48 ± 0.14 in PRM season and from 7.61 ± 0.22 to 8.12 ± 0.34 in POM season. Higher values of pH cause bitter taste to water, affect mucous membrane, cause corrosion and also affect aquatic life (Narasimha Rao et al. 2011) .
Hardness is the property of water which prevents lather formation with soap. Principal cations imparting hardness are calcium and magnesium. However, other cations such as strontium, iron and manganese also contribute to hardness. The anions responsible for hardness are mainly bicarbonate and carbonate. The hardness mean concentration in river water samples ranged from 342 ± 19.69 to 570 ± 86.16 mg/l in PRM and from 70 ± 23.18 to 206 ± 35.77 mg/l in POM season. The concentration during PRM season of all the river water samples exceeded the desirable limit of hardness i.e. 300 mg/l but none of the sample in POM exceeded the limit. Water hardness has no adverse effect on health as such but the higher concentration of hardness in water causes heart disease as well as kidney stone problem (Napacho and Manyele 2010) . The mean concentration of alkalinity in water ranged from 218 ± 7.60 to 461 ± 12.57 and from 57 ± 10.13 to 186 ± 34.7 mg/l during PRM and POM seasons, respectively. The concentration during PRM seasons of all the river water samples exceeded the desirable limit of alkalinity i.e. 200 mg/l but in POM season concentration is found well within the limit. Alkalinity in water is due to the presence of carbonates, bicarbonates and hydroxide constituents, which may be derived from dissolved rocks, salts or sediments . Values are expressed in mean ± SD TDS is a direct measure of all the dissolved particles, both organic and inorganic in water. As per BIS, the desirable limit for TDS is 500 mg/l and permissible limit is 2,000 mg/l. The average value of TDS in PRM season ranged from 427 ± 18.87 to 884 ± 124.88 mg/l and in POM season varied from 127 ± 19.91 to 344 ± 43.05 mg/l water samples. TDS mean value in Gola, Ramganga and Saryu River water sample during PRM season recorded more than the desirable limit i.e. 500 mg/l while in POM seasons none of samples exceeded the limit. High TDS influence the other qualities of water such as taste, hardness, corrosion properties, influences osmoregulation of fresh water organism, and they are not generally removed by conventional method and finally reduce utility of water for drinking and irrigation purposes.
Chloride concentration during the study of all the river water is found quite low. The average concentration in PRM season fluctuated from 14.8 ± 1.92 to 40.3 ± 29.12 mg/l and in POM from 10.2 ± 3.76 to 14.7 ± 4.37 mg/l. Chloride contents in the water is due to weathering and dissolution of salt deposits, seawater intrusion and irrigation runoff. Excess chloride concentration gives salty taste to water and may result in hypertension, osteoporosis, renal stones, and asthma (McCarthy 2004) . Fluoride concentration of approximately 1.0 mg/l in drinking water effectively reduces dental caries without harmful effects on health but high concentration causes dental and skeletal fluorosis (Fordyce et al. 2007 ). Fluoride content in river water is also quite low and average value varied from 0.35 ± 0.14 to 0.59 ± 0.04 mg/l in PRM and from 0.22 ± 0.07 to 0.39 ± 0.13 mg/l in POM season.
Sulphate occurs naturally in water as a result from gypsum and other common minerals sources. The water samples of all the rivers have sulphate concentration within desirable limit of 200 mg/l and permissible limit of 400 mg/l as per BIS. The mean concentration varied from 6 ± 4.92 to 61 ± 54.95 and from 4 ± 2.55 to 16 ± 5.00 mg/l during PRM and POM seasons. Sulphate is generally non-toxic but consumption of water with high amount of sulphate causes intestinal problems in normal humans (Heizer et al. 1997) . Nitrate occurs naturally and due to its solubility and anionic form, its mobility in groundwater is very high and hence it is very essential to analyze the nitrate in water due its well known adverse effects on health (Nas and Ali 2006) . The prescribed limit of nitrate concentration in drinking water recommended by BIS is 45 mg/l. The excess of nitrate causes 'Blue-Baby' disease in bottle-fed infant (Knobeloch et al. 2000) . The average concentration of nitrate in all the river water samples was quite low and values fluctuated from 0.8 ± 0.21 to 2.7 ± 0.73 and from 0.5 ± 0.45 to 1.8 ± 0.95 mg/l in PRM and POM seasons, respectively.
Calcium is one of the most abundant substances in natural water and occurs from leaching of calcium rich mineral rocks such as lime stone or mineralization of organic matter by bacteria. Therefore, Ca in natural water differs according to difference in geographic regions or anthropogenic impact. The quantity of Ca in natural water generally varies from 10 to 100 mg/l depending on the type of rocks (Trivedy and Goel 1986) . Magnesium occurs in all kinds of natural water with calcium, but the concentration remains generally lower than that of calcium. The mean values of calcium and magnesium in water ranged from 62 ± 43.83 to 119 ± 75.72 and from 9 ± 2.38 to 36 ± 7.81 mg/l in PRM and from 15 ± 3.17 to 37 ± 3.90 and from 6 ± 0.73 to 20 ± 8.94 mg/l in POM season. Concentration of calcium in water samples of Gola, Ramganga and Saryu River in PRM season exceeded the desirable limit i.e. 75 mg/l, while magnesium concentration only exceeded in Gola River from the desirable limit i.e. 30 mg/l. In POM season none of samples recorded the values of calcium and magnesium more than the desirable limit. The concentration of sodium in all the river water samples were low and found within the prescribed limit of 20 mg/l (WHO 2003) while BIS has not prescribed the limit for sodium. The average mean of sodium varied from 4.17 ± 1.52 to 6.00 ± 1.96 and from 3.85 ± 0.98 to 4.32 ± 0.81 mg/l in PRM and POM seasons, respectively. The potassium average concentration was also found in very low amount and varied in PRM and POM seasons from 1.30 ± 0.25 to 2.61 ± 0.51 and from 1.18 ± 0.57 to 2.03 ± 0.54 mg/l, respectively. No standard limit has been suggested for potassium by WHO and BIS.
Iron contamination in water is due to weathering of rocks and industrial waste, etc. Consumption of drinking water with high level of iron may cause liver disease called 'Haemosiderosis' (Rajappa et al. 2010) . During the analysis, the iron average concentration in all river water samples varied from 0.610 ± 0.81 to 2.076 ± 1.10 during PRM season and from 0.018 ± 0.01 to 0.226 ± 0.14 mg/l in POM season. Concentrations of iron in water samples of Kosi, Ramganga and Saryu River during PRM season exceeded the permissible limit i.e. 1 mg/l, while water samples of Gola and Lohawati River exceeded the desirable limit i.e. 0.3 mg/l. In POM season, water samples of all the rivers were found within limits but in earlier investigation, Kansal et al. (2013) also reported the higher iron concentration in river water samples of Uttarakhand.
Coliform group of bacteria are indicators of pathogenic organisms and the presence of coliform in water is an indicator of contamination of human or animal faecal waste. Human waste contamination in water causes waterborne diseases such as diarrhoea, typhoid and hepatitis (Theron and Cloete 2002; Elko et al. 2003; Sood et al. 2008 ). According to BIS, the coliform count should be\10 colonies/100 ml and absence of faecal coliform in water samples. During the analysis, average count of total coliform in water varied from 28 ± 4.26 to 105 ± 11.51 and from 25 ± 1.48 to 84 ± 10.45 colonies/100 ml and faecal coliform varied from 2 ± 2.12 to 23 ± 4.97 and from 2 ± 1.48 to 12 ± 2.69 colonies/100 ml in PRM and POM seasons, respectively. The analyzed data showed that water of all the rivers is contaminated with total and faecal coliform. High level of coliform counts in water samples indicates a contaminated source, inadequate treatments or post-treatment deficiencies and inadequate as well as unhygienic handling of solid waste.
Correlation matrix
The statistical analysis has been carried out by Pearson's correlation coefficient between different pairs of water quality parameters of river water to develop the significant correlation among the parameters (Bhandari and Nayal 2008; Joshi et al. 2009 ). The data analysis yielded an R-value, which is a correlation representing the linear relationship between the data pairs. A linear association implies that as one variable increases, the other increases or decreases linearly. Values of the correlation coefficient close to ?1 (positive correlation) imply that as one variable increases, the other increases nearly linearly. On the other hand, a correlation coefficient close to -1 implies that as one variable increases, the other decreases nearly linearly. Values close to 0 imply little linear correlation between the variables or no correlation (Mudgal et al. 2009 ). When data are truly independent, the correlation between data points is zero. The values of coefficient correlation were determined using SPSS software version13 in both PRM and POM seasons. Pearson's correlation in PRM and POM seasons showed strong positive and negative correlations among the parameters as shown in Table 2 
Hydrochemical facies
The hydrochemical facies of river water can be obtained through Piper trilinear diagram (Piper 1994 (Pradhan and Pirasteh 2011) . It consists of geometrical combination of two outer triangles and a middle or inner diamond shaped quadrilateral. The distribution of major cations and anions in meq/l are shown by the left and right and these plotted points in the triangular fields are projected further into the central diamond-like quadrilateral structure, which provides the overall characteristics of the water samples.
In the present attempt, piper diagrams of water of all the rivers of Kumaun region of Uttarakhand during the PRM and POM seasons are presented in Fig. 2 . The major ion chemistry results show that calcium is the dominant cation and bicarbonate is the major anion in all the rivers. The plots from the results revealed that in all the water, alkali earth metal elements (Ca 2? ? Mg 2? ) are higher than alkali elements (Na ? ? K ? ) and weak acids (CO 3 2-? HCO 3 -) are higher than strong acids (Cl -? SO 4 2-). It showed that all the river water samples during the study fall in the field Ca-Mg-HCO 3 type. The chemical composition of the study area is influenced by rainfall, climate, rock type, rock division and various human activities (Cruz and Amaral 2004) .
Drinking and irrigation water quality analyses
Drinking water quality analysis
Water quality index provides inclusive interpretation of the quality of surface and ground water and its suitability for drinking purpose. The main purpose of WQI is to change the complex water quality data into understandable and usable information by which common people can know the status of water sources in a particular region (Akoteyon et al. 2011; Vasanthavigar et al. 2010; Balan et al. 2012 ). The weighted arithmetic index method is used in present case for calculation of WQI using 11 water quality characteristics namely, turbidity, pH, total hardness, alkalinity, chloride, total dissolved solids, calcium, magnesium, sulphate, nitrate and iron, which showed maximum variations in seasons and also varied significantly at different sampling sites, using the following equation:
The unit weight (W i ) for each water quality parameter is calculated using the following equation:
where, K is appropriately constant and S i is the standard permissible value of the ith parameter. The quality rating (Q i ) of Eq. (1) is calculated as under.
where, C i is estimated concentration of ith parameter in the analyzed water. The standard rating of water quality according to WQI is given below in Table 3 . The calculated WQI for water samples of all the five major rivers for determining their suitability for drinking purpose is given in Table 4 . The result showed that the higher value of WQI was found in PRM compared to POM season in river water. In PRM season the water qualities of all the rivers were found unsuitable with grade 'E' except as depicted in Fig. 3 . In POM, the water quality of the rivers was found with good to unsuitable water quality with grade 'B' and 'E'. The unsuitability of river water during PRM and POM seasons is mainly due to the high concentration of turbidity, iron and total coliform, which are recorded more than the permissible limit. The high water quality index is also contributed in river water by a large amount of anthropogenic activities nearby river banks such sewage discharge, cremation, detergents from bathing and clothes washing as well as agricultural runoff.
Irrigation water quality analysis
All the five rivers are also being used for irrigation purposes but none of the river water has so far been analyzed for suitability of irrigation purposes. In the view of the same, water of all the five rivers was also analyzed for their suitability and usefulness to meet the irrigational needs of farmers and local population of the area. The suitability of water for irrigation purposes has been evaluated through three parameters namely, SAR, sodium percent (Na%) and RSC.
Sodium adsorption ratio
Sodium adsorption ratio is used to evaluate the excess of sodium with calcium and magnesium (Richards 1954) . In general, the permeability of water reduces due to excessive sodium content in water. Use of water having high SAR level continuously can lead to the increase in Na level over the time, which in turn can adversely affect soil infiltration (Richards 1954) represented in Table 5 , it is observed that water of all the five rivers were excellent for irrigation purposes.
Residual sodium carbonate
The sodium hazard also increases, if the water contains a higher concentration of bicarbonate ions. As the soil solution becomes more concentrated, there is tendency for calcium and magnesium to precipitate as carbonates, increasing thereby the relative proportion of sodium as a consequence. In present case, RSC was used to quantify effect of the carbonate and bicarbonate (Eaton 1950) . RSC was calculated using the following equation:
where, all ionic concentrations are measured in terms of meq/l. The calculated RSC values of all the rivers ranged from -0.69 to 1.20 meq/l in PRM season and from -0.27 to 1.02 meq/l in POM season. The classification of river water according to RSC value indicates that all obtained results of RSC were lower than 1.25 meq/l and fall under the excellent category of water quality. Therefore, all river water was found suitable for irrigation purpose (Table 6 ).
Sodium percentage
Sodium percentage is an another parameter to evaluate water quality for irrigation purposes. Excess of sodium in water reacts with soil, reduces soil permeability and supports little or no plant growth (Wilcox 1955) . The Na% in water sample was calculated by following equation:
where, all the concentrations of ions are in meq/l. The Na% in water ranged from 0.65 to 1.51 meq/l during PRM season and 1.22-2.75 meq/l during POM season. The calculated Na% showed that water of all the rivers fall within the excellent water quality (Table 7) for irrigation needs.
Conclusions
The results of monitoring programme represent the first analysis of its type undertaken on all five Himalayan rivers system in Kumaun region of Uttarakhand to assess the quality of water for drinking and irrigation purposes. All the water quality parameters showed significant seasonal variation and recorded higher value in PRM compared to POM which indicates the effective ionic leaching, due to dilution. The analyzed result showed that the parameters namely, turbidity, TDS, alkalinity, hardness calcium and magnesium exceed the desirable limits but are within permissible limits, while the concentration of iron exceeded the desirable and permissible limits due to anthropogenic and geogenic activities. Higher contamination of total and faecal coliform in all the river water samples showed that river water is under contamination from sewerages and also through runoffs from the places of open defecation on the banks. Piper diagram revealed that all the river water samples of Ca-Mg-HCO 3 type. Analysis of water quality for drinking purposes of all the rivers by means of water quality index also concluded that water was found unsuitable for drinking purpose, while found fit for irrigation purpose. The results highlighted that proper sanitary facilities should be provided in the area to control bacterial contamination in the rivers system, which is the most problematic issue. In addition to this, establishing the rain water harvesting and urban drainage systems in the area can minimize the diffusion of pollution from urban and agricultural runoff in river. There is also urgent need for formulation of strategies for maintaining water quality of all the five rivers of Uttarakhand, which are important assets of Himalayan region. 
